Development of a GFP reporter gene for Chlamydomonas reinhardtii chloroplast.
Reporter genes have been successfully used in chloroplasts of higher plants, and high levels of recombinant protein expression have been reported. Reporter genes have also been used in the chloroplast of Chlamydomonas reinhardtii, but in most cases the amounts of protein produced appeared to be very low. We hypothesized that the inability to achieve high levels of recombinant protein expression in the C. reinhardtii chloroplast was due to the codon bias seen in the C. reinhardtii chloroplast genome. To test this hypothesis, we synthesized a gene encoding green fluorescent protein (GFP) de novo, optimizing its codon usage to reflect that of major C. reinhardtii chloroplast-encoded proteins. We monitored the accumulation of GFP in C. reinhardtii chloroplasts transformed with the codon-optimized GFP cassette (GFPct), under the control of the C. reinhardtii rbcL 5'- and 3'-UTRs. We compared this expression with the accumulation of GFP in C. reinhardtii transformed with a non-optimized GFP cassette (GFPncb), also under the control of the rbcL 5'- and 3'-UTRs. We demonstrate that C. reinhardtii chloroplasts transformed with the GFPct cassette accumulate approximately 80-fold more GFP than GFPncb-transformed strains. We further demonstrate that expression from the GFPct cassette, under control of the rbcL 5'- and 3'-UTRs, is sufficiently robust to report differences in protein synthesis based on subtle changes in environmental conditions, showing the utility of the GFPct gene as a reporter of C. reinhardtii chloroplast gene expression.